Abstract
Background
The Liraglutide Effect and Action in Diabetes: Evaluation of cardiovascular outcome Results (LEADER) trial [1] is one of at least 16 cardiovascular outcome trials in type 2 diabetes (T2D) that will report before 2020 [2] . Driven by regulatory requirements to demonstrate cardiovascular safety, trial sample sizes are large. To recruit 10-20,000 participants per trial, there are 17-27 countries per trial, resulting in a wider range of racial and ethnic participation, as well as greater variation in clinical practice patterns than in previous T2D studies [2] . The clinical usefulness of trial data obtained for a particular clinician or policy-maker depends on how well the trial population mirrors the patients in that clinician's practice, or the population for whom the policy is developed. This external validity is determined by inclusion criteria, but also by patients' enrolment, retention, and protocol adherence. The age distribution of trial participants in seven large diabetes trials often did not reflect that of a contemporary British T2D patient population [3] . Most ongoing diabetes cardiovascular outcome trials are being conducted in populations with high cardiovascular
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Diabetology & Metabolic Syndrome risk with a long history of T2D [2] . Women and ethnic minorities are under-represented in US-based clinical trials, although these groups have disproportionally higher rates of chronic diseases [4] . The generalizability of results even from well-performed trials may be jeopardized when participants differ from the clinical population with respect to attributes that modify treatment [5] . In a multivariate model, female sex, renal insufficiency, and heart failure were significant predictors of not participating in a trial [6] . Such clinical factors are important because they may modify treatment effects. The table of baseline characteristics in trial reports should focus on baseline factors associated with primary outcomes [7] .
Patient enrolment is likely to be dependent on the specific types of investigator practices (generalist, diabetologist, cardiologist, nephrologist, etc.) and on the healthcare systems they operate within. A UK study suggests that selection of study sites should aim to represent the general medical management of T2D patients [8] . It might be questioned whether such a strategy is economically and logistically possible in large global trials.
We seek to examine whether there are important baseline differences in cardiovascular risk markers among LEADER participants enrolled in the US and Europe. This study of these two populations was prompted by the substantial differences between the US and Europe, for example with respect to demographics; cultural norms regarding diet, activity, and other health behaviors; prevailing treatment guidelines for glycemia, blood pressure (BP), lipids, and cardiovascular management; and funding and nature of healthcare systems [9, 10] . We examined baseline demographic and clinical characteristics of LEADER participants in the US and Europe without a priori hypotheses. Such an exploratory investigation may generate hypotheses about possible heterogeneity [11] , and be informative for potential post hoc analyses [11, 12] .
Methods

Study design and participants
We used baseline data from LEADER (NCT01179048), a phase 3b, multicenter, international, randomized, double-blind, placebo-controlled clinical trial with longterm follow-up in 9340 patients with T2D. This trial will provide data on the cardiovascular safety of liraglutide compared to placebo. The trial design has been described in more detail previously [1] . Enrolment took place from September 2010 until April 2012. Patients with T2D who were either drug-naive or treated with oral blood glucose-lowering agents or selected insulin regimens (human neutral protamine Hagedorn, long-acting analog, or premixed) were eligible. LEADER enrolled two distinct populations of high-risk patients: (1) ) renal impairment was also pre-specified [1] .
The present analysis compares baseline data between US and European populations from LEADER, stratified by patients' cardiovascular history. The European population includes all patients enrolled from Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Ireland, Italy, the Netherlands, Norway, Poland, Romania, Serbia, Spain, Sweden, Turkey, and the UK. The trial was designed and conducted according to the declaration of Helsinki and approved by local ethical committees. All subjects signed informed consent before any study procedure was performed.
Outcome measures
Baseline participant characteristics were recorded at screening visits (Table 1) . Concomitant illness was any illness present at the start of the trial, including history of CVD (myocardial infarction, stroke, angina pectoris, arrhythmia, left ventricular dysfunction). Concomitant medication use was defined as use of any medication other than trial product at randomization. Data on blood glucose-lowering medication, the number and type of antihypertensive medication, statin use, other lipid-lowering medication, and aspirin were collected. Height, body weight, and waist circumference were measured without shoes and in light clothing. Systolic BP (SBP) and diastolic BP (DBP) were measured after at least 5 min rest in the sitting position, with the legs uncrossed and the back and arm supported. Blood samples were collected at randomization and assessed in a central laboratory for glycated hemoglobin (HbA1c), lipids, creatinine, and albumin:creatinine ratio (ACR).
Target levels
In 2010, 'general' HbA1c goals varied among European countries between <6.5 % and <7.0 % (<48 and <53 mmol/mol) [9] . The American Diabetes Association (ADA) recommended in 2010 that less stringent HbA1c goals than the general goal of 7.0 % (53 mmol/mol) may be appropriate for patients with advanced macrovascular complications [10] . An ADA/European Association for the Study of Diabetes position statement stated that HbA1c goals between 7.5 and 8.0 % (58 and 64 mmol/ mol), or even slightly higher, are appropriate for patients with established vascular complications or extensive comorbid conditions [13] . Previously, SBP and DBP targets also differed among European countries, between <130 and 140 mmHg and <80 or <85 mmHg, respectively [9] . Until 2013, the ADA recommended a BP target of <130/80 mmHg; in 2014, US guidance on BP in diabetes was relaxed to <140/<80 mmHg [14] . Similarly, at the onset of the study in 2010, low-density lipoprotein (LDL)-cholesterol targets differed between European countries, ranging from <100 mg/dL (2.6 mmol/L) and 115 mg/dL (3 mmol/L) for primary prevention [9] . At that time, the LDL target for US participants was <100 mg/dL (<2.6 mmol/L) (no prior CVD) or <70 mg/ dL (<1.8 mmol/L) (prior CVD) [10] , with the latter goal termed 'an option' in the 2014 recommendations [14] .
For the present study, we defined two different HbA1c targets: ≤7.0 % and ≤7.5 % (≤53 and ≤58 mmol/mol); for both CVD strata and both regions [15] . BP at target was defined as <140/<80 and <130/<80 mmHg for European and US participants, respectively. LDL-cholesterol at target was defined as <100 mg/dL (<2.6 mmol/L) for European participants and <100 mg/dL (<2.6 mmol/L) (no prior CVD group) or <70 mg/dL (<1.8 mmol/L) (prior CVD group) for US participants.
Statistical analyses
All analyses were performed using SAS software (version 9.3). Continuous variables were reported as means with standard deviations, categorical variables as numbers and percentages. Because a patient's history of CVD is likely to be related to the cardiovascular outcome of the LEADER trial, the analysis of differences between regions (US vs. Europe) was stratified by prior and no prior CVD. We used t-tests for continuous variables or Chi square test for class variables. Logistic regression analyses were ACR albumin:creatinine ratio, BMI body mass index, BP blood pressure, CVD cardiovascular disease, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, LDL low-density lipoprotein, OAD oral antidiabetic drug, SBP systolic blood pressure, SD standard deviation P values are for difference between region (Europe vs. USA) on covariates (t test) and factors (Chi square) then used to determine whether region (Europe/US) was an independent determinant of achieving target for HbA1c, BP, and LDL-cholesterol, respectively. These analyses were adjusted for several well-known possible confounding variables: age, sex, diabetes duration, race, pre-trial diabetes treatment, body mass index (BMI) category, and renal function (creatinine, ACR, and eGFR); these variables were included based on subject matter considerations and availability of data. See Tables 2, 3, 4 for details. P values ≤0.01 were considered statistically significant.
Results
Baseline differences between Europe and US patients: whole cohort
Irrespective of CVD history, US and European participants differed on several important CVD risk factors and other diabetes complications (Table 1) . US participants were more often of non-White origin, had longer T2D duration, had higher body weight, and were more often in the highest BMI categories compared with European participants. Furthermore, US participants had a 0.5 % higher HbA1c and a different distribution of blood glucose-lowering treatments than European participants. Significantly fewer US participants were at HbA1c target ≤7.5 % (≤58 mmol/mol). However, US participants had substantially lower SBP and DBP, and marginally lower LDL-cholesterol level than European participants. Significantly more European than US participants were diagnosed with left ventricular dysfunction.
Baseline differences between Europe and US patients: group without prior CVD
In the group without prior CVD, US participants were more frequently at BP target (with different target levels in both regions) and more frequently at LDL target (with comparable targets in both regions, but with significantly more US participants on lipid-modifying medications) than participants from Europe. In addition, more US than European participants without prior CVD had micro-or macro-albuminuria, but the percentages of these patients with decreased kidney function did not differ between regions (Table 1) . 
Baseline differences between Europe and US patients: group with prior CVD
In the largest group of patients, those with prior CVD and the highest cardiovascular risk, US participants were more often female and had a higher waist circumference than participants from Europe. A higher percentage of US participants were at BP target and a lower percentage of US participants with prior CVD attained LDL target than participants from Europe. The numbers of antihypertensive medications per patient were broadly similar, with slightly more US participants receiving none or one and slightly fewer receiving two, three, or four of these medications, compared with European participants. More US than European participants with prior CVD had decreased eGFR. The percentages of participants with a prior myocardial infarction or angina pectoris also differed significantly between regions (Table 1) .
Participants with HbA1c at target
Among participants without prior CVD, after multivariable adjustment, the odds ratio (OR) for US participants to have HbA1c ≤7.5 % (≤58 mmol/mol) at baseline was 0.475 (95 % confidence interval [CI] 0.316; 0.704) compared to European participants (P < 0.001). In the group of participants with prior CVD, the corresponding OR for US participants was 0.762 (95 % CI 0.647; 0.896) ( Table 2) . With a target ≤7 % (≤53 mmol/mol), the OR for US participants to be at target at baseline was 0.532 (95 % CI 0.260; 1.020) (not significant [NS] ) in the no prior CVD group, and 0.839 (95 % CI 0.646; 1.084) (NS) in the prior CVD group.
Participants with BP at target
After adjustment for age, sex, race, diabetes duration, BMI class, number of hypertension medications, renal function, and well as micro-and macro-albuminuria, US participants were more often at target BP than participants from Europe, irrespective of their CVD history (no prior CVD OR 1.662; 95 % CI 1.150;2.402; p = 0.007; prior CVD 1.314; 95 % CI 1.136; 1.520; P < 0.001) ( Table 3) .
Participants with LDL at target
US participants with no prior CVD were more often at LDL target at baseline, with a multivariable adjusted OR of 1.616 (95 % CI 1.116; 2.355; P = 0.011) compared with European participants. In contrast, in participants with prior CVD, US participants were less likely to be at LDL target than European participants (OR 0.248; 95 % CI 0.212; 0.290; P < 0.001). Not surprisingly, statin use was an independent determinant for achieving LDL target, irrespective of whether it was prescribed as primary or secondary CVD prevention (Table 4) .
Discussion
This study identified relevant differences in baseline cardiovascular risk profiles between European and US participants in the LEADER trial. These differences should be considered in the analysis and reporting of the trial results.
LEADER aims to formally assess the cardiovascular safety of liraglutide, as reflected in the number of cardiovascular events. The trial population consists of people with/without history of CVD. The large number of subjects, as well as the number of study sites, will ensure the results reflect wide clinical practice, and thus the robustness of the primary results. However, whether liraglutide is noninferior to placebo [1] in subgroups will at least partially depend on the baseline risk of the participants. The European and US populations in LEADER differed in many factors related to cardiovascular risk, including race, BMI, HbA1c, SBP and DBP, ventricular dysfunction, and, in the group without prior CVD, albuminuria. In some aspects, US participants may have a lower cardiovascular risk because of their substantially lower BP level and lower prevalence of left ventricular dysfunction, but this could be counteracted by higher cardiovascular risk because of higher BMI and HbA1c. The baseline differences identified should be explored in relation to the overall trial results, once reported. Specifically, testing for heterogeneity of the treatment effect and interactions between subgroups would be needed to evaluate whether these differences impact upon the generalizability of the overall trial findings. Thus, these baseline findings should be interpreted with caution, but may inform additional analyses. Calculating an individual's 10-year CVD risk in people without prior CVD may also help identify which patients benefit most from the treatments under study [15, 16] . Regional differences are not unique to LEADER: they probably exist in all global trials, and in cardiovascular outcome trials in diabetes in particular. The analysis in this study provides more detail on potential relevant differences, and hence will support interpretation of the final results. The implications of these data, which show differences related to baseline cardiovascular risk management between US and European participants, may also be relevant in shaping future trial designs with similar populations. Such trial designs will need to account for factors pertaining to cardiovascular risk.
Strengths of this study include the large patient groups involved and investigation of the role of the 'region' , independently from patient-related anthropometric and disease-related factors. Region, i.e. Europe or US (a cultural-, socio-economic-, and healthcare-related characteristic), was the most important factor associated with participants achieving HbA1c, BP, and LDL targets. Many of the baseline differences between the US and Europe appear driven by variation in regional targets for cardiovascular risk management. However, the role of 'region' may not only be determined by guidelines and physician prescription patterns, but also the sites that enrolled patients, the way they did so, and patient-physician relationships. A recent systematic review and meta-analysis of randomized controlled trials demonstrated that intensive glycemic control in patients with T2D was associated with increases in all-cause mortality, cardiovascular mortality, and severe hypoglycemia in study populations from North America compared with the rest of the world [17] . Its authors emphasized the need for further investigation into these findings [17] . The choice of participating centers can also influence the generalizability of trial results. For example, among >55,000 high-risk patients presenting with non-ST-segment elevation acute coronary syndrome at 443 US hospitals, 1397 (2.5 %) patients were enrolled in a clinical trial. The latter were more often cared for by cardiologists at hospitals capable of catheter-based and surgical revascularization-which might explain the high rates of revascularization among clinical trial patients [6] . Such discrepancies in care and patient characteristics would suggest that the data from this and similar cardiovascular studies cannot be extrapolated to the broad type 2 diabetes population. In the global Trial to Evaluate Cardiovascular Outcomes after Treatment with Sitagliptin (TECOS), regional differences were noted, with lower BP and cholesterol levels in US participants, compared to participants both from western and eastern Europe. Treatment target achievement was also associated with the type of prior vascular disease [18] . Therefore, region-specific data about the centers that enrolled patients (for example, academic sites, rural sites etc.), and region-specific loss-to-follow-up data would enable readers to judge the applicability of the trial results for their practice population.
LEADER was undertaken to assess the cardiovascular safety of liraglutide. A large set of exploratory subgroup analyses have been pre-specified to assess the effect of (among others) sex, BMI, region, cardiovascular risk, chronic heart failure, and severe chronic renal failure on the primary composite endpoint [1] . The present study demonstrates the relevance of these planned subgroup analyses and of evaluating any heterogeneity in outcomes. In this respect, it could also be relevant to present detailed data about sites of enrolment and loss to followup. Finally, patient-level meta-analysis of the CVD trials underway would allow for deeper exploration of these issues, as sufficient sample size of many subgroups would be available [19] .
Conclusions
This study demonstrated important baseline differences between US and European participants in the LEADER trial. These differences may be the result of regional variations in targets for cardiovascular risk factor management. These factors should be considered in the analysis and reporting of the trial results and may also be relevant for potential post hoc investigations. 
